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Abstract. Using the Effelsberg radio telescope at 4.85 GHz and 8.35 GHz we discovered large symmetric lobes 
of polarized radio emission around the strongly Hi deficient Virgo cluster spiral galaxy NGC 4569. These lobes 
extend up to 24 kpc from the galactic disk. Our observations were complemented by 1.4 GHz continuum emission 
from existing Hi observations. This is the first time that such huge radio continuum lobes are observed in a cluster 
spiral galaxy. The eastern lobe seems detached and has a flat spectrum typical for in-situ cosmic ray electron 
acceleration. The western lobe is diffuse and possesses vertical magnetic fields over its whole volume. The lobes 
are not powered by an AGN, but probably by a nuclear starburst producing > 10^ supernovae which occurred 
~ 30 Myr ago. Since the radio lobes are symmetric, they resist ram pressure due to the galaxy's rapid motion 
within the intracluster medium. 
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1. Introduction 

NGC 4569 is a bright spiral galaxy (Sb) whose projected 
angular distance to the Virgo Cluster center (M87) is only 
. 1.7° — 0.5 Mpc^. Because of it brightness and large diam- 
■ eter {D25 = 9.5' = 47 kpc) Stauffer et al. 1(1^5^ have 
questioned its cluster membership. NGC 4569 has about 
one tenth the Hi content of a field galaxy of the same mor- 
phological type and the same size (Giovanelli & Haynes 
I1983 II. It shows a strongly truncated Hi disk (Cayatte et 
al. [T990J . most probably a signature of strong stripping by 
the intracluster medium which pervades the Virgo cluster 
(Cayatte et al. IT^Mjl . Tschoke et al. if^UHT ) did not find 
any soft X-ray emission (0.1-0.4 keV) from the northern 
half of the disk, whereas it is pronounced in the south- 
ern disk (cf. Fig^. These findings are consistent with a 
ram pressure scenario where the galaxy is moving to the 
north-east through the intracluster medium. The Ha emis- 
sion distribution is, as the Hi, sharply truncated at 30% of 
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the optical radius (Koopmann et al.'2001'). In addition, an 
anomalous Hi and Ha arm is detected to the west of the 
galactic disk. Simulated Hi gas distributions and veloc- 
ity fields of a more edge-on ram pressure stripping event 
(the inclination angle between the disk and the orbital 
plane is 35°), where the maximum ram pressure occurred 
^ 300 Myr ago, are consistent with the Hi observations 
(VoUmer et al. lMRI . 

Tschoke et al. II2001|I discovered a diffuse extraplanar 
region of X-ray and Ha emission to the west of the galac- 
tic disk. This was the first evidence of a direct connection 
between the hot X-ray gas and the Ha emission at scales 
of 10 kpc. This ionized gas is flowing out from the disk 
at a velocity of 120 km s^^ (Bomans et al. I2005|l . The 
most probable source of this outflow is a central starburst 
(Barth & Shields 2000, Tschoke et aL EIMIl . Present-day 
AGN activity is ruled out due to the lack of a compact 
point source in the ASCA hard band (Tschoke et al.'20 01fl . 
a missing radio continuum point source (Neff & Hutchings 
I1992L Hummel et al. ll987|l . and spectral synthesis analysis 
(Barth & Shields "SIOT) . Gabel & Bruhweiler ijM)^ dated 
the nuclear starburst in the inner 30 pc to 5 — 6 Myr 
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based on optical and UV HST spectra. In addition, Keel 
H1996|l found a more extended 300 pc) population of 
A-type supergiants whose age is greater than ~ 15 Myr. 
Thus the nucleus of NGC 4569 contains at least two dis- 
tinct young stellar populations: a very young UV core 
(5 — 6 Myr) and a spatially more extended region domi- 
nated by A supergiants. 

In this work we use radio polarimetry to study the 
gas outflows from NGC 4569. Total power emission and, 
first of all, polarized radio continuum emission represent 
a very sensitive tracer of flows of diffuse magnetized gas, 
often unnoticed in the Hi and Ha lines or in X-rays (Beck 
et al. lTMl Soida et aL l^UU^ . While the polarization al- 
lows to study the magnetic field in the plane of the sky, 
the Faraday rotation measures the sign and strength of 
the magnetic fields along the line-of-sight. The knowledge 
of the spectral index variations across radio continuum 
structures allows to trace the history of relativistic elec- 
tron population transported with the gas and magnetic 
fields. In the absence of an in-situ acceleration mechanism 
the relativistic electrons lose their energy via synchrotron 
emission. Since electrons with higher energies lose their 
energy more rapidly, the radio spectrum steepens with 
time (electron aging) . To obtain maps of Faraday rotation 
measures and spectral index we performed observations at 
two frequencies: 4.85 GHz and 8.35 GHz. Additionally we 
used the Hi continuum at 1.4 GHz obtained by VoUmer 
et al. H2004|l . The observations and the data reduction are 
presented in Sect. 12 The results are shown in Sect. 13 and 
discussed in Sect. 0] Finally, we give our conclusions in 
Sect.El 

2. Observations and data reduction 

Observations at 8.35 GHz and with 1.1 GHz receiver band- 
with were made using the single-horn receiver in the sec- 
ondary focus of the 100-m Effclsberg radio telescope^. The 
galaxy has been observed by making the maps (called cov- 
erages), scanned alternatively in R.A. and Dec. A total 
of 22 coverages was obtained. Four data channels were 
recorded. The first two channels contain total power sig- 
nals. The correlations of the left- and right-handed circular 
polarization signals (giving Stokes Q and U) are recorded 
in the other two channels. At 4.85 GHz we used the two- 
horn system in the secondary focus of the Effelsberg tele- 
scope with the receiver of 0.5 GHz bandwith. Four data 
channels (two Stokes I as well as Q and U - see above) were 
recorded for each horn. We obtained 10 azimuth-elevation 
coverages of NGC 4569. 

The telescope pointing was checked at time intervals 
of about 2 hours by making cross-scans of nearby strong 
point sources. The flux density scale was calibrated by 
mapping the highly polarized source 3C286 and comput- 
ing its total power flux densities of 4.47 Jy at 8.35 GHz 

^ The 100-m telescope at Effelsberg is operated by the Max- 
Planck-Institut fiir Radioastronomie (MPIfR) on behalf of the 
Max-Planck-Gesellschaft. 



and 7.44 Jy at 4.85 GHz using the formulae of Baars et al. 
1)1977(1 . The same calibration factors were used for total 
power and polarized intensity, which yields a mean degree 
of polarization of 3C286 of 11% at 8.35 GHz and 10.5% 
at 4.85 GHz, in agreement with published values (Tabara 
& InoueHPUI. 

The data reduction was performed using the N0D2 
data reduction package (Haslam I1974|l . At 8.35 GHz all 
the total power coverages were combined into the fi- 
nal Stokes I map using the spatial frequency weighting 
method (Emerson & Grave IT^SSjl . At 4.85 GHz we com- 
bined the total power information from both horns, us- 
ing the "software beam-switching" technique (Morsi & 
Reich 11986(1 ■ This was followed by a restoration of to- 
tal intensities (Emerson et al. 11979(1 , map transformation 
to R.A. /Dec. coordinates and spatial frequency-weighted 
combination leading to the final Stokes I map. 

Because of azimuthal mounting of the radio telescope 
the Q and U data at both frequencies were corrected for 
the rotation of the telescope reference frame of polariza- 
tion with respect to the sky. At 8.35 GHz the distributions 
of Stokes parameters were combined into final Q and U 
maps using the same technique as for total power data. 
At 4.85 GHz the Stokes U and Q data for each cover- 
age from both horns were averaged, then rotated to the 
R.A. /Dec. frame and combined into final Q and U maps. 
A digital filtering process, which removes spatial frequen- 
cies corresponding to noisy structures smaller than the 
telescope beamwidth, was applied to final maps of all the 
Stokes parameters at both frequencies. The Q and U maps 
were finally converted into maps of polarized intensity, ac- 
counted for the "positive noise bias" in the way described 
by Wardle & Kronberg 1(1974(1 . We also computed the dis- 
tributions of apparent (i.e. uncorrected for Faraday rota- 
tion - small in our case) polarization B-vectors, defined as 
arctan(U/Q) + 90°. 

Instrumental polarization of the Effelsberg radio tele- 
scope forms specific " butterfly patterns" in Q and U maps 
at the level of about 1% of an unpolarized signal (see Klein 
et al. 119821 for examples). They yield an almost axisym- 
metric structure in polarized intensity and in orientation 
of polarization vectors, constant in the reference frame 
of the telescope. Corrections for the azimuthal mounting 
makes the vectors of instrumental polarization rotated by 
the parallactic angle. In case of observations at a wide 
range of parallactic angles (which is our case) the superpo- 
sition of spurious polarization patterns with various angles 
reduces the influence of instrumental polarization by fac- 
tor of several. With the unpolarized intensities discussed 
in further Sections any instrumental polarization is in our 
case well below the noise. 

The r.m.s. noise levels in total and polarized inten- 
sity at 8.35 GHz are 0.25 mJy/b.a. and 0.045 mJy/b.a., 
respectively. At 4.85 GHz the corresponding noise levels 
are 0.4 mJy/b.a. in total intensity and 0.09 mJy/b.a. in 
polarized intensity. 

At 1.4 GHz we used the continuum residuals after 
subtracting the Hi line signal from the observations by 
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NGC 4569 4.85 GHz Total power + Pol. int. B-vectors 
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Fig. 1. The total power map of NGC 4569 at 4.85 GHz 
with superimposed B-vectors of polarized intensity, over- 
laid upon the blue image from the DSS. The contour lev- 
els are (3, 5, 8, 12, 20, 30, 50, 80) x 0.4 (r.m.s. noise 
level) mJy/b.a. The polarization vector of 1' corresponds 
to a polarized intensity of 0.5 mJy/b.a. The angular reso- 
lution is 2.' 5. 

VoUmer et al. 1)2004(1 . Because of a low sensitivity (band- 
width of only 3 MHz) a convolution to the beamwidth 
of 65" X 50" was applied to show the low-surface bright- 
ness structure. No polarization information was recorded 
at this frequency. The r.m.s. noise level in this map is 
0.3 mJy/b.a. 

3. Results 

3.1. The global distribution of radio emission at 
4.85 GHz 

In contrast to the X-ray emission (Tschoke et al.l2001ll the 
total power brightness at 4.85 GHz shows large extensions 
on both sides of the galactic disk (Fig. These large 
structures were totally unexpected. In the eastern lobe 
the radio surface brightness initially decreases shortly with 
distance up to about 6'(~ 30 kpc) and then quickly drops. 
The western lobe is coincident with the X-ray emission 
and shows a more gradual decrease in surface brightness. 
Its extent is smaller than the eastern lobe (4'^^ 20 kpc). 
At the position of the dwarf galaxy IC 3583 bright total 
power emission is seen. 

The disk of NGC 4569 and both lobes show significant 
polarization at 4.85 GHz (Fig. [2 |2J|. In the disk the B- 
vectors (i.e. E- vectors rotated by 90°) are parallel to the 
disk plane, but in the extended radio structures the B- 
vectors are mostly perpendicular to the disk. The mean 
polarization degree in the disk is 5% increasing to 15% in 
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Fig. 2. The contour map of polarized intensity of 
NGC 4569 at 4.85 GHz with superimposed B-vectors of 
polarization degree, overlaid upon the Ha image taken 
from GOLDMine database (Gavazzi et al. r20D3fl . The con- 
tour levels are (3, 5, 8, 12, 20, 30, 50, 80) x 0.09 (r.m.s. 
noise level) mJy/b.a. The polarization vector of 1' cor- 
responds to the polarization degree of 20%. The angular 
resolution is 2. '5. 



the extraplanar radio-emitting regions. The radio emission 
from IC 3583 is polarized as well, with a degree of polar- 
ization of about 12%. The B-vectors are oriented towards 
NGC 4569. 

The polarized intensity in the eastern lobe forms 
a structure elongated perpendicularly to the disk, only 
barely resolved along its minor axis (Fig. EJ. In con- 
trast, the polarized emission on the western side extends 
smoothly along the whole disk edge. Even taking into ac- 
count the beam-smeared contribution from IC 3583 leaves 
the polarization considerably more extended along the 
disk on the western than on the eastern disk side. 

3.2. Details of the radio structure at 8.35 GHz and 
1.4 GHz 

Our maps at 8.35 GHz with an angular resolution of l'.5 
show the details of the total power and polarization struc- 
ture of NGC 4569 (Fig. El . The eastern lobe appears to 
be a detached region with some hints of a radio bridge 
connecting it to the disk. Only its northern part is po- 
larized by some 10% with B-vectors almost perpendicular 
to the disk. The western lobe has a similar shape in total 
power. However, it is somewhat weaker at 8.35 GHz than 
the eastern region. On this image IC 3583 is separated 
from NGC 4569. 
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Fig. 3. The total power map of NGC 4569 at 8.35 GHz 
with superimposed B-vectors of polarized intensity, over- 
laid upon the blue image from the DSS. The contour lev- 
els are (3, 5, 8, 12, 20, 30, 50, 80) xO.25 (r.m.s. noise 
level) mJy/b.a. The polarization vector of 1' corresponds 
to a polarized intensity of 0.5 mJy/b.a. The angular reso- 
lution is 1.'5. 

NGC 4569 8.35 GHz Pol. Int. + Pol. deg. B-vectors 
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Fig. 4. The contour map of polarized intensity of 
NGC 4569 at 8.35 GHz with superimposed B- vectors of 
polarization degree, overlaid upon the Ha image (from 
GOLDMine database (Gavazzi et al. 12003(1 ). The contour 
levels are (3, 5, 8, 12, 20, 30, 50, 80) x 0.045 (r.m.s. noise 
level) mJy/b.a. The polarization vector of 1' corresponds 
to a polarization degree of 20%. The angular resolution is 
1^5. 
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Fig. 5. Combined image showing the distribution of to- 
tal power emission at 1.49 GHz (contours and greyscale) 
and orientations of the B- vectors at 8.35 GHz. The to- 
tal power map was made from continuum residuals left 
after subtraction of the Hi signal from the observations of 
Vollmer et al. 1(2004(1 . The B-vectors are from the obser- 
vations with the Effelsberg radio telescope. The contour 
levels are 1, 1.5, 2, 2.5, 3, 3.5, 5, 10, 20, 40 mJy/b.a. The 
r.m.s. noise level is 0.3 mJy/b.a. The beamwidths of the 
total power and polarization maps are shown in the left 
and right lower corner, respectively. The angular resolu- 
tion is 65" X 50". 



Our observations at 8.35 GHz show that the polarized 
emission on the western and NW disk side is concentrated 
in three separated features (Fig. 0J: the most northern 
polarized peak is associated with IC 3583 and the ridge 
of polarized emission seen at 4.85 GHz west of the disk 
appears to be composed of two regions at the distance 
of about 3' from the centre of NGC 4569. The fact that 
they apparently coincide with regions showing little total 
power emission is due to a five times higher noise level in 
total power channels (due to confusion with background 
sources and an unpolarized atmospheric noise). We can 
thus detect significant polarization even where the total 
power signal is weak and very noisy. Both polarization 
peaks west of the disk show B-vectors perpendicular to 
the disk plane. 

The map at 1.4 GHz made from the line- free chan- 
nels of the Hi observations by Vollmer et al. 1(2004(1 has 
the highest angular resolution of our data, but contains 
no polarization channels. The eastern lobe seems again 
to be a detached structure, a thin radio bridge connect- 
ing it to the disk of NGC 4569 is also confirmed (Fig.EJ. 



K.T. Chyzy et al.: Large-scale magnetized outflows in the Hi deficient Virgo cluster spiral galaxy NGC4569 



5 



NGC 4569 Spectral index 4.85/8.35 GHz 

-1.5 -1.0 -0.5 




RIGHT ASCENSION (J2000) 



Fig. 6. The distribution of spectral index in NGC 4569 
between 4.85 and 8.35 GHz from our Effelsberg observa- 
tions. All the data are convolved to a common beamwidth 
of 2'5. The dashed contours of spectral index are (- 1.40, 
-1.20, -1, -0.800, -0.600. Thick solid contours delineate 
the brightest features from the full-resolution map at 
8.35 GHz. 

The western extension has a more complex structure and 
seems to be connected to the disk. In its southern part 
a relatively narrow ridge of total power emission extends 
away from the disk. It coincides roughly with the south- 
ern polarized extension seen west of the disk at 8.35 GHz 
(Fig.0J. Bright radio emission from IC 3583, which might 
be connected to that of NGC 4569 via another putative 
faint radio bridge, is also visible in Fig. and 01 The pos- 
sible interactions between the galaxies has already been 
discussed by Tschoke et al. |2001J mentioning the faint 
southern Ha spur, seen in the Ha-|-NII image of IC 3583, 
pointing towards NGC 4569. This is confirmed by a new 
Fabry Perot Ha image and velocity field obtained for these 
galaxies (Chemin et al. 12005(1 . 

4. Discussion 

4.1. Spectral index map 

Our results clearly indicate the presence of an unexpected 
bipolar outflow from the inner disk of NGC 4569. To deter- 
mine the history of relativistic electrons in the extended 
lobes we computed the distribution of the spectral index 
a {Si, oc 1/") between 8.35 GHz and 4.85 GHz over the 
whole source structure (Fig. (SJ . The total power maps at 
both frequencies were convolved to a common beamwidth 
of 2. '5. The disk has a rather steep spectrum with a slope of 



about —1.0. The diffuse western lobe has an even steeper 
spectrum with a slope steeper than —1.3 —1.4. The 
steepening of the spectral index is due to the energy 
loss of the relativistic electrons via synchrotron emission. 
Since electrons with higher energies lose their energy more 
rapidly, the spectrum steepens if no re-acceleration of the 
electrons takes place. Thus the observed steepening of the 
spectral index in the western lobe is due to the aging of 
the relativistic electrons. Apparent flattenings at the most 
extreme western edge and at the northern disk boundary 
are found in regions of a very weak signal and may be 
artifacts of local background variations (a deviation of 1.5 
r.m.s value in the 8.35 GHz map may explain the observed 
flattening). Acceleration of the cosmic rays in the south- 
ern part of the western lobe, with slightly flatter spectral 
index, cannot be excluded, but high resolution radio data 
would be needed to clarify this. 

On the other hand, the region of flat spectrum 
—0.6) in the eastern lobe is certainly real. The slope of 
about —0.6 is only slightly steeper than the injection spec- 
trum of relativistic electrons in a strong non-magnetic 
shock in a non-relativistic gas with compression ratio of 
4 (Beck & Krause r2005|) . Since no tracers of ionized gas 
are found in the existing Ha data in this region, an in- 
creased thermal fraction is unlikely, thus in-situ electron 
acceleration in a large-scale shock must take place. 

At 8.35 GHz only 70% of the total flux density comes 
from the disk, the remaining 30% being emitted by the ex- 
tended structures. Similar fractions are found at 1.49 GHz. 
Thus, a substantial amount of magnetic and cosmic ray 
energy is expelled from the galaxy to the intergalactic 
space. Such vertical nuclear outflows are known to exist 
in some disk galaxies with strong nuclear starbursts or 
AGN activity, hke M82 (Reuter et al. ri994j) . the Circinus 
Galaxy (Elmouttie et al. lBMjl or NGC 4258 (Krause et al. 
I1996|l . All these mentioned objects have extremely pow- 
erful central sources, dominating their radio emission. In 
NGC 4569 the data at 1.49 GHz processed with the high- 
est possible resolution (beamwidth of 37" x 20"= 3 kpc 
X 1.6 kpc) show that the unresolved central source com- 
prises no more than 15 mjy, thus only some 10% of the 
total flux density. High resolution 6 cm and 20 cm data 
revealed a flux density of 1.5 mJy at 6 cm and 10 mJy at 
20 cm in the inner 4" = 330 pc (Neff & Hutchings [TMl 
Hummel et al. I1987|l . According to Gabel & Bruhweiler 
|2QQ2) half of the flux density at 6 cm is due to thermal 
electrons. They suggest that the rest of the flux density is 
due to 100-200 supernova remnants. 

The eastern lobe has some characteristics of a hot spot 
at the terminal point of the jet expelled from a possible 
AGN in the centre of NGC 4569: is this evidence for a 
local cosmic ray acceleration and a possible connection 
(jet) to the disk. The available data exclude the exis- 
tence of a present-day AGN in the center of NGC 4569 
(see e.g. Barth & Shields ^ 20001 or Gabel & Bruhweiler 
2002). Instead, NGC 4569 harbors a low-ionization nuclear 
emission-line region (LINER). Thus its nucleus shows a 
very low activity. Furthermore, the western lobe does not 
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resemble the classical AGN-expelled structure. It is a dif- 
fuse feature attached to the disk with vertical magnetic 
fields emerging from almost the whole inner disk. The pos- 
sibility of an earlier AGN activity is discussed in the next 
section. 

4.2. A galactic wind in a ram pressure wind 

In this section we discuss various possible origins of the 
observed radio-bubbles in NGC 4569. We start with geo- 
metrical aspects of the radio emission and an AGN sce- 
nario. We then analyse time scales for galactic outflows 
and galactic superwinds. For galactic superwinds we esti- 
mate energy needed to blow-up radio lobes and confront 
it with star formation in the disk and with two episodes of 
nuclear starburst. Finally we discuss the influence of clus- 
ter environments on the development of a ridge of radio 
continuum emission in the southern part of the western 
lobe. 

4.2.1. The radio geometry 

A very surprising aspect of the radio lobes is their relative 
symmetry. NGC 4569 is moving rapidly within the hot in- 
tracluster medium. According to VoUmer et al. I|2U(J4|I the 
galaxy has passed the cluster core ^ 300 Myr ago and the 
current ram pressure is about Pram 2 x 10^^^ gcm~^s^^. 
Moreover, the galaxy is moving to the north-east. If the 
observed radio lobes were due to an AGN, one would ex- 
pect the formation of a head-tail radio galaxy, because 
AGN jets are very vulnerable against forces perpendicular 
to the outflow direction, which is the case for a ram pres- 
sure wind. In contrast, in a galactic outflow/superwind 
a pressure driven bubble is created which expands in all 
directions and is thus much more stable against forces 
parallel to the galactic disk. We therefore suggest that the 
radio lobes are not due to an AGN (even now extinct), but 
due to a starburst-induced galactic outflow/superwind. 

4.2.2. Galactic outflows 

We cannot yet determine reliably if the material in the 
flow leaves the potential of NGC 4569 (which is the defin- 
ing property of a galactic wind) or if some or most of the 
material returns to the disk of NGC 4569 (which is typi- 
cal for a galactic outfiow). The radial velocity of the Ha 
emitting gas cone at a radius of 4 kpc is measured to be 
about 100 km s^^ (Bomans et al. l2()()5|l . The derived time 
needed to blow-up our radio lobe (25 — 30 kpc in size) is 
then about ^ 200 Myr, which is too long a life-time for 
the synchrotron electrons which do not show gradual spec- 
tral steepening. On the other hand it is possible that the 
magnetic field and cosmic rays are connected to a much 
hotter phase of the gas forming a superwind-like flow at 
considerably higher velocity. 



4.2.3. Superwinds 

Typical outflow velocities of galactic superwinds are ~ 
700-1000 kms^i (Heckman et al. lMI^ . So ~ 30 Myr are 
needed to develop the observed spatial extent of the radio 
lobes. In order to balance ram pressure, the inner pres- 
sure of the lobes has to be greater or equal to the external 
ram pressure pi„ > Pram- Assuming the minimum energy 
condition we computed the total pressure of cosmic rays 
and magnetic fields in the lobes. A mean value inside re- 
gions delineated by the level of 1.2 mJy/b.a. at 4.85 GHz is 
« l-1.3xlO-iMyncm-2. It rises to > 2xl0-i2jyjjcm-2 
when brighter parts of lobes inside the level of 4 mJy/b.a. 
are considered. Similar values are obtained when pressure 
balance conditions are assumed. These values are compa- 
rable in range to the ram pressure (see Sect. I4.2.1|l . The 
joint magnetic and cosmic-ray energy density is also of 
order of 1.5 - 2 x 10^^ erg cm~^, again similar to the ki- 
netic energy density of the wind. The outflows have thus 
a good chance to overcome the ambient gas pressure while 
the intergalactic wind can still deform the extended lobes 
(Sect.ETSl). 

To estimate the total energy requirements we assume a 
cone-like geometry for the outflow with a height of 25 kpc 
and a diameter of 15 kpc, the total volume occupied by 
the outflow is thus V ^ 8 x 10^^ cm"^. The minimum en- 
ergy needed to overcome the external ram pressure within 
this region then is E ^ pi^V > p^amV = 10^^ erg. 
With a typical supernova II total kinetic energy input 
-E^SN = lO'^^ erg we find that the total number of super- 
novae driving the outflow is A^sn > 10^. The mass ejected 
by the wind- type flow is Afwind = Pwind^, where Pwind is 
the mean gas density within the lobes. Assuming a mean 
outflow velocity of Wwind = 700 kms~^ the mean density 
is Pwind ^ 2E/Vvl-^^^ = 5.1 X 10-28 g cm-3 and the 
ejected mass is M„i„d ~ 1.6 x 10'' Mq. The fraction be- 
tween the gravitational and the kinetic energy density is 
£grav/ein ^ rot /^^wind) ^ 0.1, whcrc wc assumcd a sym- 
metric dark matter halo and a constant rotation velocity of 
Wrot = 250 kms^^. Thus, a sufficiently strong supcrwind- 
type flow can easily overcome the gravitational potential 
of the galaxy and resist ram pressure. 

4.2.4. Disk star formation and the central starbursts 

Is the star formation activity of NGC 4569 strong enough 
to explain such powerful wind-type flows? The disk of 
NGC 4569 is weakly forming stars. Due to the small star 
formation rate the arm-interarm contrast in the disk is low 
and the galaxy is classified as anemic by van den Bcrgh 
f 19761. Thus the star forming Ha disk (e.g. Koopmann et 
al. JOflli of NGC 4569, truncated by the recent ram pres- 
sure stripping event, cannot provide the necessary energy 
input to drive the observed radio lobes. 

We are thus left with central starbursts. lUE ultra- 
violet and optical ground-based spectra of the nucleus 
of NGC 4254 of various dispersions were studied by Keel 
l)1996|l . Narrow Balmer absorption lines and the overall 
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shape of optical spectrum indicates that the optical light 
is dominated by a young starburst particularly rich in A- 
type supergiants. UV light is more peculiar and could not 
be modelled by the UV light from a dominant population 
of A supergiants. It was interpreted as an AGN or an ad- 
ditional unusually compact and extraordinary luminous 
central-star cluster. This last possibility was confirmed in 
the detaile d stud y of HST/FOC UV data by Gabel & 
Bruhweiler ('2002J. Their spectral synthesis and photoion- 
ization analyses imply that this central starburst is very 
recent (5 — 6 Myr old) and consist of about 5 x 10* O and 
B stars packed in a region of « 30 pc in size. They also 
pointed out that the population of A supergiants discerned 
by Keel must be older (> 15 Myr) and by a factor 

of 10 more extended than the UV-bright core. This may 
mean that its content of OB stars (hence supernova pro- 
genitors) could be in the past considerably greater than 
10^ 

The central present day starburst is clearly too young 
(5 — 6 Myr) to be responsible for huge observed radio lobes 
(timescale of ~ 30 Myr). Also the number of OB stars gen- 
erated by the recent starburst is less than the minimum 
number of supernovae II (~ 10^) needed to drive the ob- 
served radio structures. In contrast to that the timescale 
of the second, older starburst (> 15 Myr), seen now as 
an abundant population of A-type supergiants matches 
the timescale of the observed outflow. This makes this old 
starburst (possessing at the past time also enough OB 
stars) better candidate to drive the observed radio lobes. 
However, a further detailed modelling of A supergiant- 
dominated population is needed to explain together with 
the OB dominated compact starburst the both UV and 
optical spectra and to constrain the starburst geometry, 
age and energetics, and to model the radio lobes forma- 
tion. A detailed stellar population synthesis modeling of 
a past starburst which would match the present-day A- 
star content and produce enough OB stars at the time 
of its youth is required to state whether such an event is 
sufficient to energize the observed lobes. 

4.2.5. Radio ridge and ram pressure stripping 

The horizontal ridge of radio continuum emission visible 
at 1.49 GHz in the southern part of the western lobe 
of NGC 4569 (Fig. [5)) coincides with a spot of polarized 
emission (Fig. 0J| parallel to this structure. The western 
side of the galactic disk is the side closest to the Virgo 
Cluster centre. In the ram pressure scenario of VoUmer 
et al. H2004|l NGC 4569 is moving within the Virgo intra- 
cluster medium to the north-east. Consequently, the ISM 
of NGC 4569 is pushed by ram pressure to the south-west 
(last frame of Fig. 6 of VoUmer et al. 20^. Thus, ram 
pressure is not directly responsible for the horizontal ridge 
of radio continuum emission. 

We suspect the horizontal ridge of radio continuum 
emission to be outflowing gas of the galactic superwind 
coUiding with the part of the stripped ISM of NGC 4569 



which is still close to the galaxy. If this gas is atomic its 
surface density must be smaller than 10^" cm~^, because 
it was not detected in the VLA data of VoUmer et al. 
()2004|l . On the other hand, if this putative south-western 
Hi plume is more extended than 20-30 kpc, its Hi mass 
cannot exceed several 10^ Mq, because it would have been 
detected with the Effelsberg 100-m telescope. The collision 
of outflowing and stripped gas leads to compression of 
the outflowing gas and the magnetic fleld contained in it, 
giving rise to the observed horizontal ridge of enhanced 
total power and polarized radio continuum emission. In 
addition, we expect that a shock is formed when the wind 
is hitting the relatively dense stripped ISM of NGC 4569. 
The observed flattening of the spectral index in the south- 
western part of the western radio lobe might then be due 
to in-situ particle acceleration in this large-scale shock. 

The flat spectral index of the eastern lobe and the 
implied in-situ acceleration of relativistic electrons there 
might be due to a large-scale shock driven by the direct 
impact of ram pressure on this lobe, whereas the western 
lobe is protected from a direct impact of ram pressure by 
the stripped ISM of NGC 4569. This shielding might also 
be partly responsible for the different aspects of the two 
radio lobes. High resolution radio continuum observations 
are needed to confirm and resolve the distribution of the 
spectral index in the radio lobes. If our scenario is correct 
we would expect a flatter spectral index in the direction of 
the ram pressure wind, i.e. to the north-east in the eastern 
lobe. 

Of course, our scenario has caveats: (i) why is the 
stripped and partly re-accreting gas seen in Fig. 6 of 
VoUmer et al. 1)2004(1 located more to the west of the 
galaxy center than to the south-west? (ii) Can such gas, 
if it exists, efficiently shield/protect the galactic wind- like 
flows? Of what type is the stellar population, its age and 
extent responsible for radio lobes? More sensitive multi- 
frequency radio polarization and optical observations of 
NGC 4569 with high spatial resolution would greatly help 
to establish a detailed scenario of these peculiar gas out- 
flows. 



5. Conclusions 

Using the Effelsberg radio telescope working at 4.85 GHz 
and 8.35 GHz we discovered large scale outflows in the 
strongly stripped Virgo spiral galaxy NGC 4569. We found 
that: 

- NGC 4569 possesses large radio lobes extending up to 
24 kpc from the disk, which is unusual for normal spi- 
rals and even more unusual for cluster spirals. 

- The lobes emit as much as 30% of the total flux density 
at 8.35 GHz. 

- The eastern lobe shows signatures of in-situ shock- 
driven cosmic ray acceleration. 

- The western lobe looks like a diffuse halo with vertical 
magnetic fields spread over the whole disk. 
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- Using the continuum channels at 1.4 GHz from the Hi 
observations we suggest that its southern part shows 
effects of gas and magnetic field compression by the 
ambient intracluster medium. 

The radio structure of NGC 4569 differs in many re- 
spects from that of normal spiral galaxies: the radio lobes 
with scales of tens of kiloparsecs are very rare phenom- 
ena in field spiral galaxies and have not yet been observed 
in a cluster spiral galaxy. The extraplanar western ridge 
of unpolarized and polarized radio continuum emission is 
also a peculiar feature, which is most probably due to the 
cluster environment. 

The available data exclude present-day and past AGN 
activity in the core of NGC 4569. We exclude that the ob- 
served radio lobes are due to an extinct AGN, because 
NGC 4569 undergoes relatively strong ram pressure ef- 
fects (Vollmer et al. l2(J(J4f) which would lead to a head-tail 
galaxy. Instead, we propose that the observed radio lobes 
are due to a galactic superwind-like flows, induced by a 
starburst lasting several 10 Myr. Such an event, which re- 
quires 10^ supernovae explosions and 10^^ erg total input 
energy, is consistent with a stellar population dominated 
by a large number of A supergiants in the central region 
of the galaxy (Keel 1996). This is supported by estimates 
of the combined magnetic and cosmic-ray pressure inside 
the lobes from our radio data. 

Our observations give the first evidence that galactic 
superwind-like flows can occur even in a spiral galaxy 
located near the cluster center (projected distance = 
0.5 Mpc.) They can expand to distances of several 10 kpc 
and might flnally escape the galaxy's gravitational poten- 
tial and enrich the intracluster medium with gas, dust and 
magnetic flelds. In addition to magnetic flelds expelled 
from galaxies during their interactions (Chyzy & Beck 
I2004II objects like NGC 4569 may constitute an impor- 
tant source of intergalactic/intracluster magnetic fields, 
thereby relaxing the seed field problem in the dynamo 
theories (e.q. Widrow 2002). 

Despite this first evidence, we are far from fully under- 
standing the nature of the giant outflows in NGC 4569. 
High resolution, high sensitivity, multi-frequency radio 
continuum observations including polarization will greatly 
help to test our tentative scenario. The polarized radio 
emission detected from IC 3583 and the existence of a ra- 
dio bridge connecting IC3583 and NGC 4569 suggest a 
possible interaction between the two objects which will 
have to be addressed, too. 
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